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Solutions to practice questions - Chapter 8

Solution 8.1

In the expression ZX,, + (1-Z) feoliateral ONly the sample mean X,, is random. By the CLT it is approximately
normal in distribution, and:

EI:Z }_(n + (1 _Z):ucollateral:| =Zu+ (1 - Z)/ucollateral where H= E[X]
var (X)

var(Z}_(n + (1_Z)ﬂcollateral) =7? Var(}_(n) =77 x »

Solution 8.2

0.98 =Pr(| X, - x| <0.01x)
=Pr(099u < X, < 1.01x)

Solution 8.3

a=010 = z,,, = 1.645
a=005 = z,,, =1960
ith @=0. 960 645 )2
L, P with 2=005 _ [1 960} xcvz(x)/(l 645j X CV2 ()
Nfall with =0.10 k k

~ (1.960
1.645

2
j =1.41965

(a 41.97% increase)
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Solution 8.4

. 2 2
Meall w1.th k =0.025 _[Zar2 | V2 (X) fa/2 | cy2 (X)
Ngq With k=0.050 0.025 0.050

2
_ (0.050] 4

0.025

(an increase of 300%)

Solution 8.5

. 2 2
Mg With T1ICVy (Z“/Zj x (11CV (X)) / {Z“/ 2j x CV2 (X)
k

ngqy with CVy k
=117 =121
(a21% increase)
Solution 8.6
2 6’
exponential = E[X]=6 ,var(X)=6" = CV(X):? =1

=010 = z,/5 =1.645

2 2
200 - (za]:z J x(CV(X))Z _ 1645

o k=109 11632

200

Solution 8.7

There is no change in the amount of data required for full credibility. When a random variable is multiplied by a
positive constant, then both the mean and standard deviation are also multiplied by this same constant. So the
coefficient of variation is unchanged.

Solution 8.8

100 = credibility estimate = Z X3 + (1—Z) eoliateral

7y 100+1§0+110 + (1=2)x 90

= 7Z=0.50
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Solution 8.9

100 100
in =35 and lez = 48
1=1 1=1

¥, =2 _035
100

100
2 _ 1 2 _2 35.75
Sy = — X x; —100%x =——=0.36111
a=0.20 , k=010 > ZO!/Z = 2010 = 1.282

2 2 2
Z
a/Zj y (sX (1.282) (036111 _ oo a e

= Ny = [ - )2
n

k ~0.10 0.352

Solution 8.10

Using the value of ng,; from Solution 8.9, we have:

[100
Zpartial = E = 04:54:

Solution 8.11

Using the value of ng); from Solution 8.9 and the value of Zp,jq from Solution 8.10, we have:

ZX, + (1= Z) hoollateral = 0454 x 13_050 + 0.556 x 0.28 = 0.312

Solution 8.12

var(X)

E[X]=6 ,var(X)=6* = CV(X) = -
N (EX))

k=010, =0.10 > Zg )2 =1.645 =

2 2
ya
Mgl = (“T/zj x CV (X) :(ﬁj -270.6 / 271
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Solution 8.13
100
_ 5,000
X0 =p% /100 = ——— =50
P 100
100
> x7 —100% 5y, ,
2 _ = _ 2,000,000 ~100 x 50° _ 1,750,000 _ ., oo
X 1001 99 99 T

k=005, =005 = z,,,=196 =

2 2 2

zZ

Mfull = ( ak/ zj x (_SX)Z = (é'zgj x 17’56526 77 10,8651 /10,866
Xy .

Solution 8.14

Here is one example with the negative binomial:

Mfull =[Zak/2j2>< CV*(N) = (Zak/zjzx rﬁé(;;zﬁ) _ (zak/zjzx 1r+ﬂﬁ -
r

Za )2 2 1+ﬂ Zg /2 2
ng E[N] = (Tj X 7x rf =[Tj x (1+ /)

| S —)
total number of claims

Solution 8.15
We are given:

k=005 , a=010 = z,/,=1645

Using the data and moment formulas for the negative binomial distribution together with the method of
moments, we have:

30
2" 27
rB=E[N] =73y = =L—= == =09
B =E[N] =mn3 30 - 30
30 » 30 5 9
2(m=Mo)” 2 =300 0 09?
1+ B) = var(N) = =1 = =l =" = 4.85667
rp(1+ ) = var(N) 0 0 20
L oqep = YAWN) 485667 450630
E[N] 0.9
= =29 _ooum

4 © BPP Professional Education 2010



Solutions to practice questions — Chapter 8 Construction of actuarial models

So the number of years of claim counts required for full credibility is:

2 2
z 1
ey =| L2 ] TBOHE)  (LOASY A4 B g g5 41 % 23930 _ 6 400,017 6,491
" (rB)? 0.05 rB 0.9

Solution 8.16

Using the results of Solution 8.15, we have:

neay X E[N] = nggq xrf8=6,491x 0.9 = 5,841.9 / 5,842

Solution 8.17

For a 2-parameter Pareto distribution, the squared coefficient of variation is:

2 _ 0'}2( _ a6? o 2_ o
v - - -

From the data we can estimate the Pareto parameter « by the method of moments:

100
9 . E[X] = ) x;/100 =9,495/100 = 94.95
a-1 i=1

26 [ 2} 120(:) 2
— X = E| X7 | = x; /100 = 5,314,750 /100 = 53,147.5
(a-1)(x-2) =

_ E| X?
2(a-1) _ [ ]2 _ 53,1472.5 _ 589512
a-2 (E[X]) 94.95

= a =251346

Now we can determine the number of claims required for full credibility:

k=005, =010 = za/2=1.645 =

2 2 .
z
Myl :( ak/zj x CV?(X) :[ij X QL ~ 1,08241x &

0.05 -2 a-2

2.51346

=1,082.41x =5,2985 / 5,299
0.51346

Solution 8.18

Using the results of Solution 8.17, the number of dollars of claims for full credibility is:

nga X E[X] = 5,299 x %190 = 503,140.05 ./ 503,141
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Solution 8.19

The number of years of observation total annual claims for full credibility for a compound Poisson model with
gamma severity is:

X) + (E[X])* var(N)

2472 ¥ E[N]var(
Mgl = ( k/ZJ X (E[N]E[X])2 (general)
2 2El x?
= (Za/zj X E[ > (compound Poisson)
) (EX)
_ (za/szx a(a+1)6° _ {Za/zjzx a+1
k A(ab)? k Ao

We are given:

k=005, =010 = z4,> =1.645

We are told that the severity model is gamma and that in the past 4 years there have been 432 claims paid with a
total claim amount equal to 583,200. Also, the total sum of squared claim payments is 1,180,980,000 . From this
data and the method of moments we can estimate the unknown Poisson and gamma parameters:

2= E[N] =ﬁ4=4%2 — 108

_ 583,200
o =E[X] = =—"— =1,350
[X] =% 22
L Fuo 1,180,980,000
a(a+1)6> E[X ] z /482 = SRS = 2,733,750
_ atl_ 2,733,7250 15— 42
a 1,350

Finally, we have:

2 2
Z
S (0{/2] L ol :(1.645) 2L e

k Aa 0.05 108 x 2

Solution 8.20

Using the results of Solution 8.19, the number of claims needed for full credibility is:

e X E[N] =16 x108 =1,728
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